genase were used, was improved to replace the light-sensitive phenazine methosulfate with "diaphorase," providing a one-reagent system. The assay system was automated for use with standard AutoAnalyzer equipment and evaluated at 40 and 60
samples per hour with a 2:1 sample-to-wash ratio.
Sensitivity,precision, accuracy, and sample interaction were quite satisfactory at both sample rates. The assay benefits from the inherent advantages of the reaction mechanism: sensitivity, specificity, NADP regeneration, and freedom from dialysis.
Additional Keyphrases: single-reagent system for glucose #{149} AutoAnalyzer #{149} "diaphorase"
The colorimetric assay for serum glucose previously reported (1) was modified by replacing the light-sensitive phenazine methosulfate with diaphorase1 resulting in a simplified, one-reagent system. The sensitivity, specificity, and regeneration of NADP originally reported was maintained.
The following reaction scheme summarizes the modified glucose assay: Diluents: Distilled water is used for the wash receptacle, as the sample diluent, and also as the final color diluent for the reaction which goes to completion.
Materials and Methods

Reagents and Standards
Standards and controls:
Known concentrations of glucose in distilled water or in saturated benzoic acid are used as standards. Commercial reference sera may be used as controls.
Manual Assay Procedure
Reconstitute each lyophilized vial with 10 ml of INT solution. Pre-incubate 1 ml of reconstituted reagent for 3 to 5 mm at 37#{176}C. Add 20 Ml of sample, mix thoroughly, and incubate for at least 10 mm at 37#{176}C. For reagent blank, omit sample. Add 5.0 ml of distilled water, mix thoroughly, and read the absorbance at 500 nm. The final color is stable for 2 h. Subtract the absonbance of the reagent blank.
Automated Procedure
Assemble standard AutoAnalyzer equipment as diagrammed in Figure 1 . Pump reagents through their respective lines and adjust the baseline to 0.010 absorbance. Glucose standards in water or in saturated benzoic acid are followed by samples (diluted 21-fold in the manifold) and controls. After completion of the run, flush the Remove accumulation of reduced INT from the glassware by pumping 5% sodium hypochlorite through the enzyme-color reagent line for 5 to 10 mm followed by at least15 mm of distilled-water rinse (thiscleaning isrequired about every 10 runs).
Results and Discussion
Optimized Conditions for the Modified Glucose Procedure Optimum conditions for the glucose assay were determined by the manual procedure outlined above. All variables were held at the final recommended level except the one under study.
Dilutions of diaphorase in a bovine serum albumin solution were assayed by using an independently developed kmetic-colorimetric NADH-INT pro-
cedure. An International Unit was defined as that amount of diaphorase necessary to facilitate the reduction of 1 Mmole of INT per minute at 30#{176}C in the Tris-HC1 buffer (0.1mol/liter,pH 7.55).
The diaphorase activitystudied ranged from 30 to 120 mU per assay, and a minimum of 90 mU per assay was required. The final reagent system contained 114 mU per assay to ensure excess enzyme activity.
Enzyme activities and cofactor requirements were reexamined; all those previously reported were found to be adequate, except for the optimum pH, which was found to have shifted slightly from 7.8 to 7.6, with a broad peak ranging from 7.0 to 7.8 in Tris-HC1 buffer (0.1 mol/liter). Color development time was also reviewed. A sample containing 300 mg of glucose per deciliter required 4 mm of reaction time at 37#{176}C or 15 mm at 24#{176}C. Consequently, 10 mm at 37#{176}C was more than adequate for the reagent.
Sensitivity and Specificity
The automated assay is linear to 500 mg/dl when the four-fold diluted reagent is used. As indicated by Figure 2 affected recovery of glucose, nor did commonly used blood additives, such as tetrasodium ethylenediaminetetraacetate, 2 mg/ml of Versatol A; or sodium fluoride,4 mg/ml of Versatol A. The above results are similar to those of Wright et al. (2) in theircomparison of the specificity of a hexokinase :glucose-6-phosphate dehydrogenase procedure and several other procedures. Neeley (3) compared an automated hexokinase procedure with two other automated glucose procedures, and found the hexokinase method to be essentially unaffected by the substances tested. Wright et al. (2) also showed in a more limited study that many of these substances did not interfere with our original colorimetric hexokinase procedure forglucose (1) .
Precision, Accuracy, and Sample Interaction
Replicate samples of a normal serum pool and of commercial reference sera were assayed at rates of 40 and 60 samples per hour, 2:1 sample-to-wash ratio, as shown in Tables 1 and 2 . Within-run precision is excellent at 40/h, good at 60/h. Run-to-run precision is good at both sample rates. Peak absorbances at 40/h, 2:1, are 96-98% and at 60/h, 2:1, are 88-89% of steady-state absorbances for samples containing 32-300 mg of glucose per deciliter.
Thirty-eight random day-old hospital sera were assayed by the manual procedure and by the automated procedure in an automated system. The reagent stream for the system with PMS should be protected from light to prevent a shifting reagent baseline. The modified system is 7% more sensitive than the PMS system, owing in part to a lower reagent baseline absorbance. In comparison to distilled water, the modified reagent baseline absorbance is about 0.070-0.080. The maximum absorbance range for both systems, which contain Tween 20, is 480-496 nm.
Correlation of the two automated systems was studied by using 23 day-old hospital sera, chosen without conscious bias. No significant differences were seen (Table 3) . Because the manual procedure utilizing PMS compares favorably with results by a manual o-toluidine procedure for glucose and by several automated procedures (2) , the same would probably hold true for the PMS and diaphorase automated systems.
Sample interaction (Table 4) is acceptable at 60/h, 2:1, and very low at 40/h, 2:1. The diluted sample path from the A-4 debubbler to the proportioning pump should be as short as possible to avoid additional sample interaction.
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